It was suggested in 1986 that cue-induced drug craving in cocaine addicts progressively increases over the first several weeks of abstinence and remains high for extended periods. During the past decade, investigators have identified an analogous incubation phenomenon in rodents, in which time-dependent increases in cue-induced drug seeking are observed after withdrawal from intravenous cocaine self-administration. Such an incubation of drug craving is not specific to cocaine, as similar findings have been observed after self-administration of heroin, nicotine, methamphetamine and alcohol in rats. In this review, we discuss recent results that have identified important brain regions involved in the incubation of drug craving, as well as evidence for the underlying cellular mechanisms. Understanding the neurobiology of the incubation of drug craving in rodents is likely to have significant implications for furthering understanding of brain mechanisms and circuits that underlie craving and relapse in human addicts.
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Introduction
Relapse to drug use in humans can occur after prolonged abstinence [1] and is often precipitated by exposure to drug-associated cues that provoke drug craving [2] (see Glossary). In an attempt to account for this persistent relapse, it was hypothesized that cue-induced cocaine craving progressively increases over the first weeks of abstinence and remains high over extended periods [3] . An analogous incubation phenomenon, termed 'incubation of drug craving ' [4] , was subsequently identified in rats, based on observations that time-dependent increases in cue-induced cocaine or heroin seeking occurred after withdrawal from the drug [4] [5] [6] .
Incubation of craving has also been observed in rats with a history of methamphetamine [7] , alcohol [8] , nicotine [9] or oral sucrose self-administration [10, 11] (Figure 1 ; see [12] for an early demonstration of 'incubation of food craving'). Such a phenomenon has been demonstrated using several established procedures to assess the motivational impact of reward cues and cue-induced relapse to drug seeking [13] [14] [15] , including extinction [16] [17] [18] [19] , cue-induced reinstatement [4, 8, 9, 20, 21] and acquisition of a new response [22] .
In humans, drug craving is induced not only by drug cues, but also by re-exposure to the drug itself or exposure to stress [23, 24] . These stimuli are known to cause reinstatement of drug seeking in non-human laboratory animals [25] [26] [27] [28] [29] ; however, unlike drug cues, evidence for 'incubation' of the response of the rat to drug re-exposure (often termed 'drug priming') is mixed, with reports of timedependent increases [30] , decreases [31] or no change [18, 32] in cocaine priming-induced reinstatement of drug
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Glossary
Acquisition of a new response: a procedure in which an animal learns to make a new operant response (e.g. a lever press) reinforced solely by a cue previously paired with a reward (e.g. drug) earned by performing a different operant response (e.g. a nose poke). Conditioned place preference (CPP): a classical (Pavlovian) conditioning procedure in which one distinct context is paired with drug injections, while another context is paired with vehicle injections. During a subsequent drugfree test, the animal chooses between the drug-and the vehicle-paired contexts. An increase in preference for the drug context serves as a measure of the Pavlovian rewarding effects of the drug. Cue-induced reinstatement: a procedure in which rats are trained to selfadminister a drug; each reward delivery is temporally paired with a discrete cue (e.g. tone and light). Lever pressing is then extinguished in the absence of the discrete cue. During reinstatement testing, exposure to the discrete cue, which is earned contingently by responding on the drug-associated lever, reinstates drug seeking. Drug craving: refers to an affective state that can be induced in human drug users by exposure to the drug itself, drug-associated cues or stress. In laboratory animals, craving is often inferred from the behavioral response of the subjects (e.g. lever-pressing) to drugs, drug-associated cues or stress. The inference of an affective state from observed behavioral responses is not unique to drug addiction. For example, subjective states of fear or hunger are often inferred from observing freezing or feeding behavior, respectively, in rodents and other species. Drug priming: refers, in reinstatement studies, to non-contingent injections of the self-administered drug or other drugs just prior to the reinstatement tests. Extinction: a decrease in the frequency or intensity of learned responses after the removal of the unconditioned stimulus (e.g. food or drug) that has reinforced the learning. In drug self-administration studies, extinction of lever responding is typically performed in the presence of contextual cues previously associated with drug availability (i.e. self-administration chambers). In CPP studies, extinction typically involves exposing rodents to the previously drug-paired context in the drug-free state. Incubation of drug craving: a hypothetical motivational process inferred from the findings of time-dependent increases in cue-induced drug seeking after withdrawal from drug self-administration in rats [4] and time-dependent increases in cue-induced subjective self-reports of craving during abstinence in humans [108] . Psychomotor sensitization: a progressive increase in locomotor activity or stereotypy with repeated drug (e.g. cocaine) administration. Reconsolidation (of memory): a hypothetical memory process in which a consolidated memory item becomes labile upon its retrieval and undergoes a protein-dependent restabilization process. Reinstatement: in studies of reinstatement of drug seeking, refers to the resumption of drug seeking after extinction following exposure to drugs, drug cues or stressors. Relapse: the resumption of drug-taking behavior during self-imposed or forced abstinence in humans. 
